Abnormalities and reduced reproductive potential of sperm from Tnp1- and Tnp2-null double mutant mice.
Previous studies have demonstrated the importance of transition nuclear proteins, TP1 and TP2, in spermatogenesis and male fertility. However, importance of the overall level of transition proteins and their level of redundancy in the production of normal sperm is not clear. Epididymal sperm from the nine possible Tnp1 and Tnp2 null genotypes demonstrated a general decrease in normal morphology, motility, chromatin condensation, and degree of protamine 2 processing with decreasing levels of transition proteins in mutant sperm. Nuclei of some mutant epididymal sperm stained poorly with hematoxylin and DNA fluorochromes, suggesting that the DNA of these sperm underwent degradation during epididymal transport. When epididymal sperm were injected directly into oocytes, fertilization and embryonic development were reduced only in the two most severely affected genotypes. These phenotypes indicated some functional redundancy of transition proteins; however, redundancy of transition protein function was not complete, as, for example, sperm from double heterozygous males had fewer abnormalities than sperm from males homozygous for a single Tnp null mutation. Our study suggests that each TP fulfills some unique function during spermiogenesis even though sperm phenotypes strongly indicate defects are largely attributable to an overall gene dosage effect. Similarities between sperm defects found in Tnp mutants and infertile patients make the Tnp mutants a valuable tool with which to study outcomes following fertilization using sperm with compromised DNA integrity.